We study stability and convergence analysis of a finite difference approximation of a linear parabolic partial differential equation (PDE) in a periodic domain. In particular, we analyze consistency, stability and order of accuracy of a central space forward time scheme to solve the PDE.
I. Introduction
Various problems from chemical, physical, mechanical, biological and many other applied sciences have been modeled by reaction diffusion systems as well as by advection reaction diffusions systems. There are various such models that contain local [8, 12] or nonlocal diffusion [2, 4, 5, 7] operators and many contain both [6] . These types of models are typically complicated, interesting to scientists, challenging to understand substantially and to analyze. In general, these type of models can be written as 
, dy t y
In [11] , the author discussed various issues of finite difference approximations of partial differential equations (PDE) in an infinite domain. He discussed welposedness, stability, accuracy and convergence of various finite difference approximations of time dependent PDE. In [8] , the author analyzed accuracy of Crank-Nicolson and Richtmyer-Morton methods for local diffusion and advection operators considering a non-periodic domain. In [9] , the author discussed finite difference schemes for linear variable coefficient diffusion operators.
In [7] , the authors study the model (1) considering  = 0,  = 0: They show coarsening of solutions, numerical approximations of the problem. Accuracy of any such approximation is also discussed in [7] in short.
In [10] and [12] authors study spectral methods for parabolic problems. In particular, the authors in [10] , restrict themselves with the stability issues of the Fourier spectral method.
A simple one step approximation of a linear partial integro-differential equation is well studied in [3] . The author analyzed stability and accuracy conditions as well as the rate of convergence considering both smooth and non-smooth initial functions.
To be precise, we consider the linear part of (1) with  = 0 (f (u) = 0) which contains advected local diffusion operator (which is related to the famous Fokker-Planck equation [11] ) here. Instead of considering the problem as a Cauchy or a Neumann problem in a bounded domain, we consider it as an initial boundary value problem (IBVP) in a periodic domain and analyze the stability and convergence of the scheme used to solve the IBVP. Finite difference methods are used here to approximate solutions of partial differential equations as it is required in several practical situations. There are various highly accurate schemes like pseudospectral method, Fourier transform techniques, higher order piecewise polynomial schemes to approximate (1). Here we restrict our self with the stability and convergence analysis of a finite difference scheme in both space and time. We use discrete and continuous Fourier transforms in our stability and convergence analysis. As we consider the problem in a periodic domain we link the discrete Fourier transform results in a periodic domain and the continuous Fourier transform using Poisson summation formula. We study the famous book [1] for the definitions and theorems about Sobolev space in a periodic domain which has been extensively used in our convergence analysis.
We organize this paper in the following way. In Section 2, we present the Problem and it's discretisation in both space and time. In Section 3, we show consistency and stability of the scheme, whereas Section 4 deals with accuracy of the scheme used to generate approximate solutions.
II. The Problem and Finite Difference Approximation
We consider the following IBVP
in a periodic spatial domain [0; 2L] i.e., the boundary condition is u(x, t) = u(x+2kL, t) for all k Z with a given initial function u(x, 0) = 0 u : We approximate (2) in space by
where  t is the time step length and
III. Stability of the Approximation
In this section we discuss stability of the scheme (4). It is very straight-forward to verify that the scheme used to solve (2) is consistent. Thus we motivate ourselves to discuss stability of the scheme (4). Throughout the stability, accuracy and convergence analysis we apply the Fourier series and the Fourier transform definitions and theorems. Before getting into the main discussion let us introduce some necessary definitions and theorems which are discussed in detail in [13] . , ,
Thus the scheme (6) is stable [11] if
Here 
IV. Accuracy and Convergence Analysis
In this section we analyze convergence of the one step approximation (4) used to solve (2) . This analysis is based on [11] . We define the exact solution of (2) as
Differentiating (8) with respect to x and t we get (10) and (11) in (2) and then simplifying we write
The solution of (12) can be written as
where
Now using (13) the exact solution of (2) can be written as 
Then we return to our main discussion. Applying the inverse of the DFT in (6)
Thus from (14) and ( 
